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Summary: The value of phosphohexose isomerase (EC 5.3.1.9) determination in the CSF in the diagnosis of
meningitis was tested under routine conditions. In 48 patients with untreated bacterial meningitis, enzyme
activity concentrations between 40 and 2335 U/l were measured, whereas the highest phosphohexose isomerase
activity concentration in 92 patients with viral meningitis was 34 U/K
Lysis of the CSF leukocytes with Triton X-100 resulted in a substantial increase of phosphohexose isomerase
activity. In bacterial meningitis these values increased to 200 to 7000 U/l, but remained under 150 U/l in
viral meningitis.
The raised enzyme activities are derived from the leukocytes and appear to reflect their functional and
metabolic state. The Information provided by the leukocyte morphology can thus be appreciably extended
by phosphohexose isomerase determination.
Introduction
Rapid delimitation of bacterial from viral meningitis
is important in view of the necessity for early treal··
ment (1). In a previous communication, it was shown,
on the basis of 29 untreated bacterial and 61 viral
meningitis cases, that this delimitation can be achiev-
ed simply and rapidly by determination of phos-
pbohexose isomerase in the CSF (2). This determina-
tion has been carried out routinely for about three
years in our hospital in suspected cases of meningitis.
The follöwing paper reports our experience with this
simple detennination under routirae conditions. A
further 48 acute and still untreated bacterial and 92
viral meningitis patients were investigated. The results
confirm the usefulness of phosphohexose isomerase
assay in the diagnosis of meningitis.
The cause of the increase in activity of this enzyme
is to be found in the leukocytes. If CSF samples
containing cells are not frozen after lumbar puneture,
but stored in the refrigerator or at room temperature,
a considerable increase of phosphohexose isomerase
activity is observed äs a manifestation of progressive
lysis of the leukocytes. This effect can be accelerated
by treatment of the CSF with Triton X-100. Investiga-
tions on isolated cell populations show that granulo-
cytes release very much higher phosphohexose iso-
merase activities than lymphocytes.
Patients and Methods
CSF samples were investigated from a total of 146 children
with meningitis aged one day to 16 years.
Forty eight patients had an acute untreated bacterial meningitis.
TThe causative organisms were Haemophilus influenzae (19),
Neisseria meningitidis (16), Streptococcus pneumoniae (8), Slrep-
tococcus group B (4) and Pseudomonas aeruginosa (1). The
causes of acute viral meningitis in 92 patients were mumps (15),
enterovirus (9), adenovirus (4), herpesvirus (1) or unknown
viruses (63). A further six patients with a purulent meningitis
had been given initial antibiotic treatment at the time of the
first lumbar puneture.
The freshly sampled lumbar CSF was analysed within 30 min-
utes in each case. The leukocyte count, the diflferential cell
count, the glucose content and total protein content were deter-
mined by the usual Standard methods. The bacteria were identi-
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fied by means of Gram staining and appropriate culture tech-
niques (3). A viral genesis of the meningitis was concluded from
the negative result of the bacterial culture without previous
antibiotic therapy, the raised leukocyte count in the CSF and
the clinical picture. In addition, a fourfold or higher rise in
antibodies in paired sera at the beginning and at a later time
in the disease was evaluated s an indication of an acute viral
infection. Some pathogens were detected by assay of virus-
specific IgM and IgA antibodies.
The phospohexose isomerase activities are measured rnanually
on an Eppendorf photometer with the reagent Testomar®-
PHI (Behringwerke, Marburg) (4). These measurements require
about five minutes. The results obtained in this way are around
16% lower than those obtained with the Gemsaec Fast Analy-
zer and the values communicated previously (2). The day-to-
day precision was 5.2% (x = U/l) and the deviation from the
reference value 5.7%. Admixtures of erythrocytes in the CSF
bring about only a minimal increase of the phosphohexose
isomerase activity. Nevertheless, the occasional bloody CSF
samples obtained by puncture were not included in the study.
For lysis of the leukocytes, well-mixed CSF is added to 0.2%
Triton X-.100 in the ratio 1 + 1 and allowed to stand at room
temperature for 1 5 minutes before measurement.
Lymphocytes and granulocytes were isolated by gradient cen-
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trifugation with Lymphoprep® s the Separation medium (5).
Blood from healthy donors diluted in the ratio l : 2 with Hank's
solution served s starting material. Lymphocytes were stimu-
lated with phytohaemagglutinin, concanavalin A or with poke-
weed mitogen (Difco, Hamburg) over three days at 37 °C.
Results
Figure l shows the result of these investigations. The
phosphohexose isomerase catalytic activity concen-
trations measured directly in the CSF (= PHIdir)
were between 40 and 2335 U/l. In 12 of these 48
untreated bacterial meningitis cases, the activities
were between 50 and 100 U/l, in 23 cases between
100 and 500 U/l and in 10 cases more than 500 U/l.
On the other hand, the highest enzyme activity in
viral meningitis was only 34 U/l.
CSF samples were treated with Triton X-100 in order
to verify that the phosphohexose isomerase is derived
from the leukocytes. However, it was shown that the
phosphohexose isomerase activity after lysis of the
cells (= PHImax) may be an additional parameter for
differentiation of meningitis. In bacterial meningitis,
this value was always in excess of 200 U/l, and in
half of the cases even between 1500 and 7000 U/l.
Viral meningitis showed results of less than 150 U/l.
The phosphohexose isomerase activity reached a
value over 200 U/l in only one case (213 U/l).
For comparison, the leukocyte counts per μΐ are also
listed in this figure. They are between 72 and 17000
per μΐ in bacterial meningitis and between 13 and
1440 per μΐ in viral meningitis. Bacterial meningitis
with less than 800 leukocytes per μΐ occurred six times
and viral meningitis with more than 800 cells 12
times.
Fig. 1. Distribution of phosphohexose isomerase activities and
leukocyte counts in bacterial (o) and viral (e) me-
ningitis.
The three viral ineningitis cases with the highest cell
counts and the three bacterial meningitis cases with
the lowest cell counts are listed in table l to illustrate
the good differential diagnosis between viral and bac-
terial meningitis. In viral meningitis, the enzyme ac-
tivities were very m ch less than the borderline values
of 40 and 200 U/l, respectively, whereas in bacterial
meningitis they were markedly higher than these lim-
iting values.
Six patients were admitted to the hospital with bac-
terial meningitis after 2 to 14 days of antibiotic treat-
ment. The laboratory findings at the time of the first
lumbar puncture are shown in table 2. Out of these
six patients, only two showed values for PHIdir above
the limit of 40 U/l and three showed values for PHImax
over 200 U/l.
Since it is ass med that phosphohexose isomerase in
meningitis originales from the leukocytes, this en-
zyme should also be detectable in lymphocytes and
granulocytes in the absence of the disease. To confirm
this hypothesis, enzyme activity was determined in "
lymphocytes and granulocytes isolated from d nor
blood (fig. 2). The phosphohexose isomerase activities
for isolated lymphocytes are very low and only 22
U/l were recorded, even at cell counts of 22300 per
μΐ. At 2100 cells per μΐ, s is occasionally found s
the upper limit in viral meningitis, this vahie is only
5 U/l, reaching 52 U/l after lysis of the cells. On the
other hand, the corresponding activities found for
granulocytes are roughly eight ti ies higher.
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Tab. 1. Phosphohexose isomerase in viral meningitis (high white blood cell counts) and in bacterial meningilis (low whitc blood
cell counts).
Patient
J.C.
M. T.
S.O.
J.K.
N.B.
G. A.
Leukocytes
( -1)
1215
1302
1444
208
91
72
PHIdir
(U/l)
10
3
6
393
327
212
PHImax
(U/l)
47
32
45
466
474
268
Pathogen
Mumps
Herpes
Mumps
Streptococcus group B
Streptococcus pneumoniae
Streptococcus pneumoniae
Tab. 2. Leukocyte counts and phosphohexose isomerase activities in treated bacterial meningitis.
Patient
H. D.
J.T.
es.
H.H.
M.W.
Y.K.
Pathogen
Haemophilus influenzae
Unknown
Unknown
Haemophilus influenzae
Streptococcus pneumoniae
Streptococcus pneumoniae
Leukocytes
( -1)
3733
2044
1875
1076
366
217
PHIdir
(U/l)
37
23
21
275
8
71
• PHImax
(U/l)
328
518
198
382
120
115
Antibiotic therapy
Treatment Drug
(d)
2 Erythromycin
14 Erythromycin
2 Rifampicin
2 Streptomycin + Penicillin G
2 Ampicillin
5 Amoxicillin
The metabolically active leukocytes that occur in
meningitis can only be studied by using lymphocyte
model Systems. These were stimulated by three dif-
ferent mitogens. The increase in enzyme activity ob-
served was on average about 10 times that of non-
stimulated lymphocytes and about twice that of the
lysed cells. Since the responses to each mitogen were
almost identical, only the results for Stimulation with
phytohemagglutinin are shown in figure 2.
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Fig. 2. Phosphohexose isomerase activities in intact and Triton
X-100 lysed lymphocytes and granulocytes äs well äs
in mitogen-stimulated lymphocytes with and without
Triton X-100.
Discussion
Together with the cases communicated in an earlier
publication (2), results are now available from 77
bacterial and 153 viral meningitis cases for appraisal
of the diagnostic value of phosphohexose isomerase
detennination in meningitis. Values of more than
40 U/l for PHIdir indicate the presence of bacterial
meningitis. For methodological reasons, this cut-off
point is 10 U/l lower than the value stated previously.
The method differentiated correctly in 229 of the
total of 230 meningitis cases. The enzyme activity
was above the limit values only in one case of viral
meningitis. The maximum amount of enzyme measur-
able after destruction of the cells is also suitable äs
a diagnostic measure, the limit value in this case being
200 U/l.
The increase of phosphohexose isomerase activity in
CSF after lysis of the leukocytes at temperatures over
0 °C or by treatment with Triton X-100 indicate that
these cells are the source of the enzyme. Furthermore,
it can be inferred from the observations on meningitis
that gränülocytes release more phosphohexose iso-
merase than do lymphocytes.
Investigations on isolated cell suspensions do indeed
reveal considerable differences in enzyme production
between lymphocytes and granulocytes and in addi-
tion between stimulated and non-stimulated cells. Mi-
togen treatment of the lymphocytes shows that phos-
phohexose isomerase does not only appear passively
in the CSF after cell death, but is also actively
secreted by the cells. Only in this way can it be
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explained why the enzyme activities rise further to
about threefold after destruction of the stimulated
cells with Triton.
In the evaluation of phosphohexose isomerase activi-
ties of granulocytes, it must be taken into account
that the latter cannot be stimulated like lymphocytes.
However, because of the sensitivity of the granulo-
cytes, even the individual Separation Steps in their
Isolation cause Stimulation of cell metabolism, so
that nonstimulated granulocytes cannot be exactly
compared with nonstimulated lymphocytes.
Compared with the moderate activation in cell pre-
parations, the acute inflammatory process in me-
ningitis can be expected to cause a substantial in-
crease of metabolism in the granulocytes and a corre-
sponding increase of phosphohexose isomerase pro-
duction. The granulocyte turnover and glycolytic ac-
tivity should be greater the longer the meningitis has
been present at the time of its diagnosis. The severity
of the disease is also thought partly to determine the
degree of leukocyte turnover and thus finally the
degree of lysis of these cells. Thus endotoxins and
other bacteriological products occasionally lead to a
delayed Stimulation of the granulocytes. Connected
with this are prognostically unfavorable disease
courses, such äs are occasionally observed in pneumo-
coccal meningitis.
The level of the phosphohexose isomerase activity
evidently does not depend solely on the number and
type of leukocytes but also on their glycolytic activity.
Since the degree of autolysis of the leukocytes can
also be expected to vary, depending on the length of
time from the outbreak of the disease up to its diag-
nosis, a cofrelation betweeri cell count and enzyme
activity is not likely at the time of the first lumbar
puncture, and in fact no correlatioii was found (r =
0.24).
Conclusion
iPhosphöhexose isomerase is formed in the leukocytes. ·
Since phosphohexose isomerase production depends
on the^type of cell and its metabolic state, this enzyme
reflects the acute process of inflammation in me-
ningitis. The simple enzyme assay in the CSF, which
can be perfonned rapidly and with great accuracy,
thus crucially impröves the reliability of the leukocyte
count and the differential cell count which are still
the most important clinical labpratory parametefs in
the diagnosis of meningitis.
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